A genome-wide association study of neighborhood characteristics and family income finds heritability, identifies single nucleotide polymorphisms and shows genetic correlates of these traits with numerous other health and cognitive traits. Different mechanisms behind genetic correlations imply different interpretations of association and causality.
Hairless dogs have imperfect teeth; long-haired and coarse-haired animals are apt to have, as is asserted, long or many horns; pigeons with feathered feet have skin between their outer toes; pigeons with short beaks have small feet, and those with long beaks large feet. Hence if man goes on selecting, and thus augmenting any peculiarity, he will almost certainly modify unintentionally other parts of the structure, owing to the mysterious laws of correlation -Charles Darwin, The Origin of Species, 1859 There hardly is a human trait for which a twin study has not been carried out [1] and the same now holds true for genome-wide association studies (GWAS). With the advent of the genomic era and affordable dense genotyping, GWAS results in humans are available for 'OMIC' traits and biomarkers (telomere length, gene expression, metabolites), brain structure and function, visible characteristics, numerous somatic and mental diseases and disorders, and traits like personality, temperament, entrepreneurship, educational attainment and subjective wellbeing. In this endeavor the UK Biobank plays a highly prominent role. The UK Biobank is a large repository of over 500,000 participants with survey and physical measures and blood, urine and saliva samples who are followed through health-related records (http://www. ukbiobank.ac.uk/). In this issue of Current Biology, Hill et al.
[2] report a genomewide association analysis of social deprivation and household income, which both index socio-economic status, in 112,151 participants from UK Biobank.
The study represents a milestone as it is the first genome-wide analysis of a cluster of variables that are not measured at the level of the individual, but at a family or neighborhood level. The study looked at 7 million single nucleotide polymorphisms (SNPs), household income and the Townsend deprivation index (a neighborhood level variable, which reflects the deprecation of a neighborhood as a function of unemployment, car and home ownership, and household overcrowding). Based on all SNPs, the heritability for social deprivation was estimated at 21% and for household income at 11%; thus, both variables were found to be heritable. We note that while the estimated heritabilities are not especially high, this does not have a direct bearing on the question of whether a trait is directly or indirectly influenced by the genome. Traits such as gene expression levels or epigenetic regulation of the genome are heritable traits [3, 4] and their heritability often does not exceed the heritability reported for socio-economic status in this study.
Partitioned heritability analyses revealed that the genetic effects on socioeconomic status are abundantly located in evolutionarily conserved regions of the genome, and in the case of social deprivation in genomic regions likely to affect the central nervous system. As the authors clearly convey, there is no reason to believe the relationship between genotype and socio-economic status reflects a direct effect of the genome on the phenotype. Rather it is likely that heritable traits mediate the relationship between genome and outcome. This implies that the SNPs significantly associated with the two measures of socio-economic status are not 'SNPs for socio-economic status'. Rather, it is likely that their effects are mediated through multiple other heritable phenotypes.
Beyond genome-wide evidence of genetic effects, which establishes genomic influence but does not pinpoint any specific genomic locations or genes, Hill et al. [2] obtain evidence that two loci associate with socio-economic status at a significance level which is genome-wide significant.
Next, in a series of bivariate genetic analyses, which make use of publically available results from GWAS metaanalyses for other traits, Hill et al. [2] estimate negative genetic correlations between socio-economic status and disease (obesity, type 2 diabetes), mental health (major depressive disorder, ADHD), addictive behaviors and personality (neuroticism). They estimate positive genetic correlations between socio-economic status and (childhood) IQ and longevity. These correlations offer some suggestion of the mediating phenotypes that give rise to the observed heritability of measures of social economic status.
Given that the estimation of genetic correlations no longer requires two traits to be measured within a single sample [5, 6] , genetic correlations between all traits subjected to genome-wide analyses can be estimated. Proliferation of genetic correlations suggests a careful consideration of the etiology of genetic correlations is in order. We consider the tantalizing possibility of leveraging the genome to distinguish causation from correlation and the implications of the detection of causal relations and genetic correlations between different traits. Hill
